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A B S T R A C T 
An experimental approach in conducting NMR measurements at supercritical parameters of state is 
discussed. A novel design of the high-pressure NMR cell was developed which allowed eliminating the 
field inhomogeneity and, thus, increasing the sensitivity of the experiment at the supercritical state. 
Analysis of the MD simulations and NMR data showed that two conformers of ibuprofen dominate in the 
solution in supercritical CO2 along the critical isochore 1.3 ρcr(CO2). Conformer populations calculated 
from MD simulations and from NMR spectra agree with each other 
© 2020 xxxxxxxx. Hosting by Elsevier B.V. All rights reserved.    
 
 
1. Introduction 
Obtaining quantitative information on the conformational distribution 
of small biologically active molecules is important to predict their 
bioavailability and describing the nucleation of polymorphic forms. 
Screening of crystalline forms is carried out at initial stages of developing 
drug compounds in order to identify polymorphs and pseudopolymorphs 
[1,2], since only pure and stable crystalline forms  are admitted to the 
market. Structure of the crystal lattice is defined by two main factors: 
molecular packing and conformation [3]. The case when various 
polymorphic modifications are built from different conformers is of 
special interest and is called conformational polymorphism. Investigation 
of conformational polymorphism, is justified by the fact that different 
polymorphic forms usually have different sublimation enthalpies, which 
define, to a great extent, their solubility [4]. Formation of polymorphic 
forms is a complex, multistep process, which depends on different 
thermodynamic and kinetic factors [5]. The most widely accepted theory 
of crystal formation from a saturated solution begins with appearing of 
pre-nucleation clusters, which then lead to formation of seeds and then 
crystals of a certain structure. It was shown in [6] that a saturated solution 
contains molecule clusters reflecting unit cells of all possible polymorphs. 
The Formation of a certain polymorph is dependent on different 
crystallization conditions such as supersaturation degree, solution type, 
and the presence of a cosolvent, temperature etc. ) 
Crystallization from supercritical fluids attracts much interest as an 
ecologically friendly replacement of organic solvents in obtaining new 
crystalline forms. Supercritical carbon dioxide is an alternative solvent to 
use in pharmacy due to its physical and chemical properties: it is nontoxic, 
inflammable, has relatively low values of critical pressure and temperature 
(73.8 bar, 31°C), and it is cheap. Simple decompression is enough to 
separate a solute from the solvent without the need of power-consuming 
drying and purification. Two methods of obtaining crystalline forms of 
drug compounds utilizing supercritical solvents can be mentioned: rapid 
expansion of supercritical solutions (RESS) and the method based on 
supercritical antisolvent (SAS) precipitation (the latter is used for poorly 
soluble in supercritical CO2 compounds). In both cases, obtaining of 
polymorphic forms depends on the predominant molecular conformation 
in the solution at the supercritical parameters of state. Therefore, 
developing approaches to control the conformational ensembles of 
molecules in a supercritical solvent is very important. A significant 
progress in studies of conformational state of molecules of biologically 
active compounds has been achieved recently using NMR spectroscopy 
[7–16] and vibrational spectroscopy [17–23].. A correlation between the 
distribution of the conformers of ibuprofen in supercritical carbon dioxide 
and fraction of the polymorphs arising in supercritical sedimentation has 
been found with the aid of vibrational spectroscopy and MD simulations 
[20]. This example shows clearly that vibrational spectroscopy can give 
information on the conformational manifolds of small molecules which 
would be in a good agreement with MD simulations. However, results 
given by vibrational spectroscopy are indirect, because conformer 
populations are derived by decomposing spectral bands into elementary 
components, which cannot be obtained by an unambiguous mathematical 
procedure; hence, vibrational spectroscopy cannot yield direct information 
of the fraction of conformers. An alternative method is the NMR 
spectroscopy at high pressures, which has shown its usefulness in studies 
of molecular structure [24–26], host-guest interactions [27], metal–
organic framework[28,29], ionic liquids [30–32], aqueous geochemistry 
[33–36] and operando studies of complex mixtures[37]. In addition, liquid 
state NMR spectroscopy is useful in studies of conformational exchange 
[38–42]. However, conducting NMR experiments under supercritical 
conditions requires a specialized high-pressure supercritical cell. 
The aim of the present work is developing the method of 
determination of the conformational equilibrium of small molecules using 
high-pressure NMR spectroscopy on the example of ibuprofen in 
supercritical CO2. This will facilitate investigations dedicated to the 
nucleation mechanism of conformational polymorphs at the molecular 
level, conducted in supercritical fluids. 
2. Results and Discussion 
2.1. High-pressure NMR spectroscopy 
Appearing of high-pressure NMR spectroscopy for studying chemical 
properties of water and organic solvents was connected with development 
of a novel NMR probe head designed as a autoclave, in which the sample 
and electric circuits are placed under pressure in a metal chamber [43]. A 
number of interesting results were obtained with the aid of this probe 
[44,45], but it cannot compete with modern commercially available 
devices. On the other hand, lately, home-built probe head are significantly 
modernized and give good results in comparison with the first versions of 
the autoclave type probe head. For example, there is a specialized high-
pressure liquids probe head developed by William Casey’s group at UC 
Davis [46] and the high-pressure MAS NMR probe heads/rotors 
developed at Pacific Northwest National Laboratory by Eric Walter and 
David Hoyt [47]. Thus, an alternative solution was chosen for obtaining 
NMR spectra under high pressure: special high-pressure tubes were used 
in combination with standard probe heads, without the need to modify 
their construction. Special inserts with a small inner diameter (quartz 
capillaries) were used initially [48]. They allow achieving high pressures, 
but a decreased useful volume and decreased accordingly signal-to-noise 
level are a serious drawback. Later sapphire NMR tubes with a large 
active volume were brought into practice, which allowed us to increase 
significantly the sensitivity. However, attaching of these tubes to the high 
pressure source was a difficult task. First, the tubes were stuck to the 
pressure valve by glue [49]. Use of epoxy compound as a glue is not very 
reliable at high pressure and hence dangerous for the magnet and probe of 
NMR spectrometer. Later, using epoxy compounds was limited to using 
flange connections. A more reliable strategy of sealing the cell was 
proposed in [50], which was based on a novel connection valve in a 
multistep high-pressure flange. High pressure ceramic NMR tubes were 
developed to replace sapphire tubes [51]; their advantages, however, are 
still not obvious.  
A special sapphire cell modified for carrying out experiments in the 
supercritical state was employed. The cell allowing obtaining NMR 
spectra of compounds under the pressure up to 300 bar and temperature up 
to 90°C was turned from a single crystal of sapphire (Figure 1, pos. 3); it 
has the outer diameter of 5 mm, inner diameter of 3mm, and length of 87 
mm. The tube was annealed to remove internal stress. The sapphire tube 
was purchased as part of a high-pressure NMR cell with an integrated 
valve designed for Bruker spectrometers (Daedalus Innovations, Aston, 
PA, USA). 
 
Fig. 1 -Design of supercritical NMR cells manufactured by Daedalus 
Innovations, LLC (left) and after our modification (right). (1) Cell 
body (the left picture shows the body with the integrated high-
pressure valve; the right picture, the cell body with gas inlet port for 
1/16 in. tubing to which the high-pressure capillary is attached 
directly); (2) O-shaped seal (left – Viton O-Ring from Daedalus 
Innovations, LLC; right – MVQ 70 ShA O-Ring from Bohemia Seal, 
s.r.o., Czech Republic); (3) sapphire high-pressure tube; (4) tube seat 
(compensating Caprolone padding); (5) coupling ring. 
A few design drawbacks of the Daedalus cells were revealed during 
the measurements: 
Metal body of the cell (Figure 1, pos. 1) exerts too strong influence on 
the magnetic field homogeneity; 
Pressure in the cell cannot be controlled in real time, which is an 
important prerequisite for working at different parameters of state 
(temperature and pressure); 
Unlucky design of the junction between the metal body and the tube 
itself led to appearing of cracks in the sapphire walls near the metal–
sapphire contact place; 
The sapphire tube decreases the sensitivity of the measurements due to 
a strong absorption of the signal by the walls. 
To obtain correct results, it was necessary to eliminate or decrease the 
influence of the mentioned faults. 
To diminish the influence of the metal high-pressure NMR cell body 
on the magnetic field homogeneity, heat-strengthened aluminium alloy 
was used to construct a homemade cell body. A screwed joint with a 
wedge-type seal was made to fasten a high-pressure capillary, which is 
used to fill the tube with supercritical carbon dioxide and to control its 
pressure at the same time. The metal body was made as small as possible 
in order to reduce the influence on the magnetic field and decrease the 
dead volume of the cell. The inlet capillary orientation was adjusted using 
polymer washers so that it was vertical and thus distorted the field 
insignificantly. The landing thread for the Viton seal (Figure 1, pos. 2) 
was made shorter. At the same time the diameter of the coupling ring 
(Figure 1, pos. 5), which pulls the sapphire tube to the metal body of the 
cell, was changed to decrease the degree of deformation of the sealant. 
This modification allowed improving the accuracy of the pressure control 
due to more correct operation of the sealing unit. The pressure was 
produced and controlled with the accuracy of ±0.5 bar using a high-
pressure valve system and a standard laboratory model of hand-powered 
press (model 37-6-30) manufactured by HiP (High Pressure Equipment 
Company, PA, USA). The NMR measurements at supercritical state 
parameters were tested on the example of ibuprofen, which has already 
been studied well in the supercritical solutions [52–56]. 
Ibuprofen belong to the class of nonsteroidal anti-inflammatory drugs 
(NSAID) of the 2-arylpropionic type, which are also known as “profens.” 
They inhibit cyclooxygenase through interaction with the active centre of 
the enzyme [57]. 
Molecules of ibuprofen contain a benzene ring connecting two para-
substituents, isobutyl groups and propionic acid. These substituents 
provide the molecule conformational flexibility, which leads to arising of 
multiple conformers [58]. Two polymorphic forms  of the crystalline state 
of ibuprofen are known today [59]. The difference between the 
polymorphs is due to different orientations of the carboxyl group in the 
propionic acid moiety; knowledge of the orientation of this group may 
improve our understanding of the growth of crystals with different 
structures. 
In addition, a fundamental knowledge of conformational features of 
biologically active molecules, involving NSAIDs, may shed light on their 
structure–activity relationships and thus elucidate their physiological 
activity. Conformational structure influences also the transport properties 
of a drug [60,61], its release from delivery systems [62], and hence its 
bioavailability. Experimental determination of the spatial structure and 
conformational state of pharmaceutical preparations still remains a 
challenging task. 
2.2. Computer simulation 
The molecular dynamics (MD) simulation was performed in this study 
to analyze the ibuprofen conformational manifold. The Gibbs free energy 
of the conformational transitions was calculated. Transitions between the 
conformers separated by high barriers are rare, which makes the 
simulation procedure quire complicated. To solve this problem, effective 
sampling procedures are used. One of the most efficient is metadynamics 
method which was used in the present study. The main idea of the method 
is to add an external potential consisting of Gaussian functions to provide 
the low-probability transitions [63,64]: 
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where st’ = S(x(t)) is the value of the collective variable at time t; VG is the 
potential defined by the Gaussian height w, mean standard deviation σS, 
and frequency tG of adding the Gaussians into the total potential. These 
parameters influence the accuracy and efficacy of the description of the 
free energy surface 
Metadynamics simulations were performed in the PLUMED software 
[65]. The calculation of the free energy surface was carried out by 
scanning over a pair of collective variables selected by us as dihedral 
angles associated with the inner rotation of the OH group of the ibuprofen 
molecule in step of 5 degrees. 
The choice of the potential of intermolecular interaction is crucial for 
the correct carrying out of a computer simulation. In our previous work 
[66], a comparative analysis of the results of MD simulation using several 
types of interaction potentials and quantum-mechanical calculations was 
performed. Based on this analysis, the GAFF potential was selected for 
the ibuprofen molecule [67]. MD simulation of ibuprofen in supercritical 
CO2 was carry out by using the NAMD program package [68] in NVT 
ensemble at the temperature of 50°C and the density of CO2 
corresponding to the pressure of 130 bar. Density values were taken from 
the NIST database [69].. Packmol program package [70] was applied to 
create the initial configuration of one ibuprofen molecule in 216 CO2 
molecules. We used the Zhang [71] potential model for CO2 molecule. 
Geometry parameters and atomic charges of the ibuprofen molecules 
were obtained from a quantum-chemical calculation using the functional 
B3LYP, basis cc-pVTZ [66]. 
The following formula was applied to calculate the probability density 
of two investigated dihedral angles being in certain ranges based on the 
free energy: 
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Numerical values of the probability of formation of the conformers 
were calculated from the following expression [66]: 
2 2
1 1
( , )P d d p                                                 (3) 
where Φ and Ψ are the dihedral angles, and integration is performed in the 
ranges from Φ1 to Φ2 and from Ψ1 to Ψ2, respectively; p(Φ,Ψ) is the 
probability density of arising of a given configuration. 
2.3. MD simulations and calculation of the conformers 
It was shown earlier that a set of dihedral angles (see Figure 2) is a 
representative set of collective variables for scanning the conformational 
space of ibuprofen [66]. The metadynamics method yielded a 2D surface 
of the free energy of the ibuprofen conformers with respect to the 
collective variables (see Figure 3). This 2D surface indicates the presence 
of four conformers combined in groups of two (A, B and C, D); the 
barrier between the members inside each group is smaller than the level of 
thermal fluctuations (see Figure 3). Thus, two conformers appear in 
practice, which are called (A+B) and (C+D) in the figure 3. 
 
 
Fig. 2. Structure and dihedrals defining the conformers in ibuprofen 
molecule. 
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Fig. 3 2D surface of the free energy for the ibuprofen molecule. 
Energy values are given in kJ/mol. The dihedral angles are depicted 
in Figure 2 
Populations of the ibuprofen conformers were calculated based on the free 
energy values obtained by the MD simulation; they were found to be 0.45 
and 0.55 for the conformers A+B and C+D, respectively. 
2.4. Conformer distribution from the NOESY data 
Technical modifications of the high-pressure NMR cell, which were 
described above, allowed obtaining stable signal with a good enough 
signal-to-noise ratio and fine spectral resolution. ( see Figure 4) shows 
that the spectrum resolution is high for all characteristic groups and agrees 
quite well with what was observed in organic solvents [11]. However, the 
peaks are broadened as compared with usual liquid-state NMR due to 
small T1 values in the fluid phase, since the spin-rotational relaxation 
mechanism in the fluid phase is more effective than in liquids [72]. 
 
Fig. 4. 1H NMR spectrum of ibuprofen in scCO2 at temperature 50 °C 
and pressure 130 bar using an deuterium oxide D2O as external 
standard in a sealed glass capillary. The chemical structure of 
ibuprofen and assignments are shown in the figure.  
Two-dimensional nuclear Overhauser effect spectroscopy (NOESY) 
was used to obtain direct information on the conformer distribution. 
Cross-relaxation rate observed in NOESY experiments depends strongly 
on internuclear distances (σ ~ 1/r6), and distances up to 5–6 Å can be 
measured [73].  
Cross-relaxation rates obtained from the NOESY spectra are required 
to reveal conformer populations. In practice, experimental time is limited 
since it is difficult to maintain stable pressure during several days, and 
hence we needed to simplify the method of gathering the cross-relaxation 
rates. 
The magnetization transfer rate d∆IZk/dtm of the nucleus k depends on 
the spin-lattice relaxation rates ρkk, responsible for the interaction with the 
lattice, and cross-relaxation rates σkj describing the interaction with other 
nuclei j of the spin system. In a general case, the magnetization transfer is 
described by the Solomon equation: 
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This relation applies for each spin in the system, and thus we get a 
system of differential equations. The magnetization transfer is evaluated 
by the volumes of all diagonal and all cross-peaks in a 2D NOESY 
spectrum at a given mixing time tm, which can be gathered in a matrix: 
 
 
( ) e x p ( ) A ( 0 )
m m
A t R t                                                          (5 
Here tm is the parameter of the NOESY pulse sequence. The volumes 
of the peaks in 2D NOESY spectra are usually obtained by numeric 
integration. The relaxation matrix R includes all rates of spin-lattice and 
cross-relaxations for the system of n spins: 
1 1 1 2 1
2 1 2 2 2
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R                                                   (6) 
The relaxation matrix is calculated accurately enough by fitting Eq. 
(5) to the experimental peak integrals, measured at different mixing times. 
It contains all parameters needed to calculate the internuclear distances 
and thus the molecular structure. Building and analysis of the whole 
relaxation matrix is a time-consuming task, because a single NOESY 
spectrum for a small molecule may consist of more than 20 intermolecular 
dipolar interactions, which correspond to their own distances. Not all 
these contacts characterise the conformational mobility, and only 
information on one or two proton pairs involved in the conformational 
exchange is necessary. 
An alternative way to interpret experimental NOESY data assumes 
that the considered spin system is isolated and can be analyzed alone from 
the whole spin system [62]. In this case, the cross-peak between two 
spins, i and s, can be expressed as follows[74–77] : 
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where Ais(tm) is the cross-peak volume at the mixing time tm, Aii(0) is 
the volume of the diagonal peak at tm = 0, and T1,is defines the 
magnetization losses. Cross-relaxation rates can be derived by analyzing 
the cross-peak values at different mixing times and volumes of diagonal 
peaks obtained for a short mixing time. The advantage of the spin pair 
model is that the cross-peaks corresponding only to those protons which 
participate in the conformational exchange should be integrated, and there 
is no need to consider the whole system of magnetization transfer 
occurring in the molecule. However, it still requires obtaining a series of 
NOESY spectra with various mixing time. Since recording a single 
spectrum may long for several tens of hours, the problem of maintaining 
stable temperature and pressure in the system still remains. 
Hence we used a simplified approach allowing determination of the 
spin-relaxation rate from a single NOESY experiment. In this method the 
equation for an isolated spin pair is expanded into a Taylor series, and the 
term linear with the time is taken [78,79] 
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This approximation is the most effective if spectra are acquired at high 
temperatures and pressures, because only one NOESY spectrum is 
required and possible changes of the state parameters is not a problem. 
Cross-relaxation rates obtained by this method may be biased by centers 
of magnetization transfer close to the studied spin pair. This possibility 
was allowed for when choosing the appropriate distances in the molecule. 
The strong dependence of the cross-relaxation rates of the distance 
between the interactions protons is usually approximated by a simple 
correlation 
6
i c
i j
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r
                                                                                          (9) 
Distance determination is based on the fact that if a calibration 
distance in the system is known, the unknown distance can be found as 
[80] 
1 / 6
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i
r r                                                                          (10) 
Lee and Krishna showed that in the case of fast conformational 
exchange, the cross-relaxation rate observed in a NOESY experiment is 
an average of the rates corresponding to individual conformers [81]: 
e x p i ii
x                                                                              (11) 
This equation allows us to express the fractions xi of the forms in the 
case of two-position exchange based on the known distances [12]: 
1 1
6 6 6
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Here the distances r1 and r2 (in our case, A+B and C+D) are obtained 
from quantum-chemical calculations reported earlier [14], the population 
x1 of the first conformers is calculated, and the fraction of the second form 
is found as x2 = 1 – x1. 
The approach described above was used to determine the fractions of 
the ibuprofen conformers at the supercritical state parameters. The 
NOESY spectrum (Figure 5) with the mixing time of 0.3 s contained 
peaks responsible for the conformation-dependent internuclear distances. 
The peak H4–OH1 was chosen for this purpose, and the H4–H6 signal 
was used as the calibration one. The choice of the latter distance is 
justified by the fact that it is the same in all conformers and gives an 
intensive NOESY signal, allowing us to integrate the peak with a high 
accuracy. As was stated in the section of MD simulation, the 
conformation flexibility of the ibuprofen molecules are due to the mobility 
of the hydroxyl group with respect to the phenol fragment. 
Fig. 5. 2D NOESY spectrum obtained at the supercritical state 
parameters and the mixing time of 0.3 s. The conformation-dependent 
distance H4–OH1 and the calibration distance H4–H6 are shown by 
arrows. 
Cross-relaxation rates according to Eq. (8) were found to be 0.00481 
s–1 for H4–OH1 and 0.06065 s–1 for H4–H6. Then the internuclear 
distance was calculated using Eq. (10); it turned out to be 4.17 Å. Varying 
the integration limits in the NOESY spectra changes the distance value by 
1–3%.  
Equation (12) was used then to determine the fractions of the 
conformers A+B and C+D. Corresponding distances were taken from [82] 
and were 4.52 and 3.96 Å, respectively. We estimate the standard 
deviation of finding rexp as ±3%, which agrees to previous reports 
describing the NOESY analysis [65,68].  
 
Fig. 6. Conformer distribution for solutions of ibuprofen in 
supercritical carbon dioxide based on the experimental 2D NOESY 
data 50 °C and 130 bar . Error in determination of the conformer 
fractions does not exceed 3%. 
Thus, the inaccuracy of finding the conformer populations can be 
calculated, as it was made for small molecules in [42]. Based on the 
NOESY data with corresponding errors, the conformers fractions for 
ibuprofen are 48 and 52% (Figure 6) with the accuracy of ±3%. Varying 
the values r1 and r2 showed that the errors contained in the quantum-
chemical calculations seem to be unimportant. The conformer fractions 
with the experimental errors are presented in Figure 7. Evidently, within 
the experimental error the relative fractions of the conformers A+B and 
C+D is close to 1 : 1. 
Fig. 7. The dependence of relative deviation of interproton distance 
calculated by eq. 12 from experimental NOESY data on the 
population of conformers of ibuprofen (left figure). The red dot line 
corresponds to 3% experimental error in NOESY data. 
2.5. Signal splitting in 1H NMR spectrum 
Splitting of the 1H NMR signal of the carboxyl group was observed 
(Figure 7). This is due to the fact that the OH group is subject to the 
shielding effect from the benzene ring of ibuprofen to a different extent in 
different conformers. When the OH group is located near the protons of 
the benzene ring, its signal is observed in a higher field. Indeed, the 
hydroxyl group in forms C and D is at 3.48 Å from the nearest proton of 
the benzene ring, which is almost 1 Å smaller than what is found in the 
conformers A and B.  
 
Fig. 7. Part of 1H NMR spectrum of ibuprofen in scCO2 at 50°C and 
130 bar. Error in determination of the conformer fractions does not 
exceed 5%. 
This effect is of the critical nature, though it is not directly related to 
the supercritical parameters of state (temperature and pressure). In the 
NMR experiment we deal with a supersaturated solution of ibuprofen in 
supercritical carbon dioxide. In fact, we study interface with clearly 
separated bottom and bulk. Despite the fact that the bottom phase is 
outside the sensitive region of the probe, it affects the observed values. 
The chemical potentials of the phases are equal, and the observed 
conformational distribution in the bulk is permanently nurtured which is 
observed as slowing down the conformational exchange rate.  
The signal of the OH group was decomposed into components to 
determine the conformational composition of ibuprofen in scCO2. A 
similar procedure used in processing IR spectra is described in [83,84]. As 
a result, the integral intensities of the components of the OH signal were 
found to be 49 : 51, which is in a good agreement with the values obtained 
from the MD simulation and NOESY spectrum at the same parameters of 
state (Table 1). 
Table 1. Distribution of the conformer populations of ibuprofen. 
Experimental error level for the NMR and NOESY results is about 
±5% and ±3% correspondently. 
Conformers MD NOESY NMR 
A+B 0.45 0.48 0.49 
C+D 0.55 0.52 0.51 
3. Conclusion 
We modified the equipment for conducting NMR measurements at the 
supercritical parameters of state, which allowed not only to increase the 
sensitivity of the NMR experiments. The method of estimating the 
conformational state of small molecules based on a single NOESY 
measurement was proposed and tested. The presence of the splitting of 
OH group NMR signal into two lines most likely be the result of 
conformational exchange. Furthermore, a conformational equilibrium of 
ibuprofen in scCO2 was observed with the conformer fractions of 49% 
and 51%, which agree well with the MD simulation results. 
4. Experimental Section 
Ibuprofen was purchased from Aldrich (purity ≥99.5%); high-purity 
carbon dioxide (СО2 99.995%, Н2О <0.001%) was purchased from Linde 
Gas (the Linde Gas Group, Balashikha, Russia). The chemical were used 
without further purification. For all high-pressure NMR experiments, the 
samples were transferred into a single-crystal sapphire tube and dissolved 
in CO2. To minimize the influence of ambient air paramagnetic oxygen on 
the sample, we purged sapphire tube with the pure CO2 The experiments 
were carried out using a home-built universal experimental setup [85]. 
Equilibration time was set as 40 min after applying pressure and 
temperature changes. A defined CO2 pressure was adjusted using manual 
press. The temperature was controlled by a BVT-2000 unit and Bruker 
cooling unit BCU, gas flow was 535 l/h. The temperature calibration was 
carried out using a standard K-type thermocouple as a reference. As a 
verification method for temperature calibration we used the 1H NMR 
signal of methanol[86]. 
High-pressure NMR experiments were performed on a Bruker Avance 
III 500 instrument equipped with a Bruker 5-mm TBI probe. 1H NMR 
spectra were recorded at 50 MHz using π/2 pulses, relaxation delay of 2 s, 
and spectral width of 14 ppm. A sealed capillary with D2O was used for 
field stabilization. The peaks in the high-pressure spectra were referenced 
using the high-resolution spectra in chloroform. The dcon program in 
Topspin 2.1 was used to carry out the processing and the fitting of the 
NMR 1H spectrum. The Lorentzian shape was chosen for the 
approximation procedure, but the Gaussian weighting function was 
introduced to allow for possible inhomogeneity of the magnetic field. 
The 2D NOESY experiment was performed with 2048 × 512 data. The 
relaxation delay was chosen to be 2.5 s, and the π/2 pulse length was 9.3 
μs. The value of mixing time was taken as 300 ms. The spectral 
processing for NOESY was made in Bruker Topspin 2.1 software. The 
resulting multiple FID for the 2D NOESY experiment was filtered with 
the sine-squared function and in both dimensions before performing 
Fourier transformation. 
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